The Strecker synthesis provides a versatile route to the synthesis of both aliphatic and aromatic amino acids. It involves the formation of an α-amino nitrile by the addition of hydrogen cyanide to an aldimine, followed by acid hydrolysis of the nitrile to yield the amino acid. However, the Strecker method fails when applied to the synthesis of a 4-pyridyl substituted heterocyclic amino acid, and yields instead 4-pyridinecarboxanilide as the reaction product. These results indicate that the Strecker synthesis is not a useful route for the preparation of amino acids bearing electron withdrawing groups, such as the 4-pyridyl.
Introduction
Studies on the metabolism of l-(4-chlorophenyl)-5-(4-pyridyl)-A 2 -l,2,3-triazoline 1, a unique anticonvulsant agent (1) (2) (3) , necessitated the synthesis of a-(4-pyridyl)-N-(4-chlorophenyl)glycine 3, as a potential biotransformation product formed via the amino alcohol 2. Although the synthesis of α-amino acids may be accomplished through a variety of reaction schemes (4, 5) , one of the more commonly used methods is the Strecker synthesis (6) (7) (8) . Basically, the reaction involves heating an amine and an aldehyde in the presence of ammonium cyanide. There is evidence that first an aldimine is formed to which the hydrogen cyanide, generated in situ from the ammonium cyanide, adds to yield an α-amino nitrile (6) (7) (8) which upon acid hydrolysis yields the α-amino acid (Scheme II). The Strecker synthesis is the most wellstudied reaction for amino acid preparation, and provides a versatile route to the synthesis of both aliphatic and aromatic α-amino acids. However, there are no published reports on the application of the Strecker reaction to the synthesis of heterocyclic substituted amino acids.
Results and Discussion
The Strecker synthesis with certain modifications was selected for the preparation of the a-(4-(pyridyl)-N-(4-chlorophenyl)glycine 3. Instead of using a mixture of the aniline and the aldehyde, a purified sample of the aldimine, prepared from the respective aldehyde and aniline was employed. It was then reacted with hydrogen cyanide generated in situ from ammonium cyanide, formed from a mixture of equivalent amounts of ammonium chloride and sodium cyanide, and the reaction was allowed to run at room temperature. The applicability of these reaction conditions was then tested using the known reaction of benzylidene-4-chloroaniline 4 with hydrogen cyanide (6), which yielded 42% of the pure α-amino nitrile 5 after 96 h (Scheme I). Next, the aldimine 6 prepared from 4-pyridinecarboxaldehyde and 4-chloroaniline (9) was subjected to the same reaction procedure under identical conditions, except a longer reaction period of 120 h was used. This was necessary since studies on substituent effects in the Strecker reaction have indicated that electron withdrawing substituents decrease the rate of hydrogen cyanide addition to the aldimine (6), and a 4-pyridyl group with the Ν incorporated on the ring, is electron withdrawing or xdeficient (10). However, no α-amino nitrile was obtained from this reaction.
The product from the reaction of 4-[(4-chlorophenyl)iminomethyl]pyridine 6 and ammonium cyanide, upon fractional crystallization, indicated that it consisted of one major component along with two minor ones. Surprisingly, IR analysis of the major component showed no CN stretch at 2240 cm 1 . An NMR spectrum of the product was analyzed to check the presence of a CH (δ 5.3) or NH (δ 4.1) chemical shift, similar to that observed for the hydrogen cyanide addition product from benzylidene-4-chloroaniline.
No CH signal was found in the δ 5-6 region, although an NH signal was present. However, it was located too far down field in the δ 8.5 region to be correlated with the NH signal of the amino group of an amino nitrile. On the other hand, the NH signal moved upfield with increasing dilution of the sample, a characteristic of NH signals arising from acid amides (11) . Elemental analysis, considered along with the IR and NMR data, indicated the product to be N-(4-chlorophenyl)-4-pyridinecarboxamide 10; conclusive evidence for the product was obtained from the identical IR and NMR spectra and chromatographic mobility in HPLC, when compared with an authentic sample of N-(4-chlorophenyl)-isonicotinamide.
The formation of amide 10 in the Strecker reaction of the a-iminomethylpyridine 6 with hydrogen cyanide may be rationalized as shown in Scheme II. A key step in the reaction may involve oxidation of the α-amino nitrile 7 bearing the electron withdrawing 4-pyridyl group, to yield an α-imino nitrile 8. A similar reaction has been previously reported for a-cyano-4-nitrobenzylaniline (6) substituted with the electron withdrawing 4-nitrophenyl group. The α-imino nitriles could be considered as "imidoyl cyanides", very similar to imidoyl chlorides (12) . The latter are highly reactive molecules, very sensitive to traces of water, and are known to yield amides via the hydroxy compounds (4). In fact, in the synthesis of tetrazoles from imidoyl chlorides and inorganic azides, amide formation cannot be completely avoided even under anhydrous reaction conditions (13, 14) . By an analogous reaction path, the α-imino nitriles could be conceived to yield the α-hydroxy compound 9, which would then rearrange to give the amides, although the a-cyano-4-nitrobenzylideneaniline has been isolated and not reported to yield the 4-nitrobenzamide.
Conclusions
Our results indicate that Strecker synthesis is not a useful route for amino acid synthesis from aldimines substituted with a τ-deficient electron withdrawing heterocyclic ring system. However, it may be possible to apply the Strecker reaction to those cases where the heterocyclic substituent is a ir-excessive pyrrole ring and should be investigated.
Experimental
Melting points were determined using a Thomas-Hoover capillary melting point apparatus and are not corrected. NMR Spectra were determined using a Varian EM-360 60-MHz NMR spectrometer, in CDC1 3 with TMS as internal standard. IR spectra were recorded on a Perkin Elmer 1430 Ratio Recording Infrared Spectrophotometer using KBr pellets.
Preparation of Aldimines
The aldimines were synthesized by known methods (9). Equimolar quantities of the oily aldehyde and aniline were mixed directly and the mixture warmed on a steam bath, when it turned into a solid mass, which was then recrystallized from ethanol. The reaction was conducted in essentially the same manner as that described above for benzylidene-4-chloroaniline 4, except it was allowed to run for five days (120 h).
The reaction mixture was cooled, made basic to litmus with IN NaOH, and diluted with a large excess of water. Upon further cooling in an ice bath, a brownish yellow precipitate was obtained, which was filtered, washed and dried. It was purified by repeated trituration with a diethyl ether-petroleum ether mixture, which removed most of the brown impurities and gave 1.7 g of a yellow residual product. The NMR spectrum of pure F3 integrated to a total of nine protons, eight of which accounted for the pyridyl and the phenyl protons. The ninth proton yielded a signal near δ 8.5, only when the sample was highly diluted. At high sample concentration, this peak was not apparent; but, with increasing dilution it became more discrete and showed small upfield movements, a behavior characteristic of the NH proton of acid amides (11) . The NMR spectrum of an authentic sample of pyridine-N-(4-chloro)-4-carboxanilide was identical to that of F3 and showed the same variations of the NH peak with increasing dilution. HPLC analysis of F3 under the same conditions as that described for F2, showed a single component with a retention time of 5.94 min and it coeluted with the authentic amide to give a single peak, with identical retention time.
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The pyridine-4-carboxanilide 1Q was synthesized as described previously (15) 
